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This project is concerned with confluent flow between a pipe and a main
channel. Specifically, it is concerned with the angle of the pipe with respect to
the main channel. While open-channel flow can theoretically include other
liquids, most open-channel flow is concerned with water, including this
channel. Channels are used to convey water to other locations, be it to storm
drains, larger channels, bodies of water, or to a treatment plant. These other
locations are typically at a lower elevation than the inlet (the start) of the
channel, as channels move water through gravity.
Larger angles impede the flow of the channel. Should the angle be large
enough, it will cause the water in the main channel to overflow over the top. It
will also cause backups in the channel, causing problems elsewhere. Because
of this, there are parameters of both the main flow and side flow that are
limited to ensure the flow is not impeded excessively. They are velocity, flow
rate, size of the pipe, and head loss. The first three parameters, if watched
correctly, ensure that the flow is going at a safe speed. The last parameter
ensures that there is enough gravitational pull acting on the water so that it
is able to move towards its destination.
This research project was intended for use by the local flood district, as the
confluence angle is regulated by the flood district.

Methodology
After a series of preliminary steps, it was then possible to measure the heights
of the water going through the flume. At a specific height of the bottom of the
midpoint of the flume to the ground, the heights of the running water at the 13
junctions were measured visually, to the nearest quarter of an inch. The height
of the water easily fluctuates, especially at faster speeds, so average heights
must be taken.
After the heights at one co-flow volume is measured, the side pump must be
adjusted. The side pump is adjusted to the co-flow percentage required, and
the channel is read again.
These readings are repeated for different co-flow percentages and heights.
After the co-flows at 0, 2.5%, 5%, and 7.5% are determined, the height of the
flume is adjusted, so that a different Froude number can be tested for.
These different Froude numbers correspond to one angle of the co-flow pipe.
With all of the targeted Froude numbers tested for, the panel connecting the
side pipe to the channel is adjusted. With the side pipe angle adjusted, further
readings can occur.
These readings are done until the target co-flow angles and their respective
Froude numbers are accounted for.
Materials
• Flume
• Computer – for MS Office and Flow 3D simulation software
• Pump – Both side pump and main pump
• Wood Framing – Used to narrow the flume
• Pipe – Served as the confluence pipe, seen below
• Water – Actual water was used in the flume

Out of all the results obtained from the experiment, a few important things
were found so far. With both configurations of the channel (both 26” and
16” channels), the H/Ho does not vary significantly, and the maximum rise
of the water relative to the water at normal height is 30%. Additionally, it
was also found that making the channel narrower does not make the water
heights higher, but instead makes the water flow faster. This was the
opposite effect intended by narrowing the channel.

As of right now, the experiment is still not finished. However, a few things
can still be drawn from the experiment. On the design of future channels, it
has been shown that there is no significant difference between 30 degree
and 45 degree co-flow at Froude numbers below 2.0. However, there is a
significant increase from 45 to 90 degrees. The H/Ho values are tabulated
below. As mentioned earlier, this signifies the raise in the height of the
water relative to the height of the water without co-flow. Furthermore, it
seems that narrowing a channel makes the water go faster instead of the
heights of the water getting higher. It should be important to do the same
tests on wider channels to see if the opposite effect occurs. Finally, it
seems that this experiment is not unique in its limitations of instruments. A
side pump that can introduce 10% co-flow should be used, as the 10%
flows in this experiment are based off the 7.5% flows. The effects of 10%
flow on a channel can only be guessed at this point.

Objectives
•

•

•

•

Verify the validity of the simulation’s data – This project utilized a
physical representation and a virtual representation of a flood channel.
How well data retrieved from the simulation meshes with data from
the flume (i.e., the physical representation) is unknown, and had to be
compared.
Test the physical flume at various velocities – The channel works
primarily through gravity, and different channels can have different
slopes. Steeper slopes means faster flow, and this parameter’s effects
must be recorded.
Test the flume at various widths – Similar to why the channel needs to
be subjected to various velocities, the channel should be widened and
narrowed to demonstrate how a channel acts under different widths.
As flow is constant, and flow is merely the product of the area of the
cross-section of the channel and the velocity of the channel, the
dynamics of the water must change so that the flow stays the same,
thereby also requiring some attention.
Determine the maximum angle at which the confluent pipe can be set
– This is the primary objective of the project. It has theoretical and
practical repercussions to be addressed, but only the practical effects
will be noted. Channels can be very large, and the pipes feeding into
these channels, while smaller than the channel itself, is also large. The
size of the pipe requires above-ground land that can be used for other
purposes. More perpendicular flow impedes main flow more than
other orientations, but frees up the most space. This fact is the crux of
the project.

Below are graphical representations of the narrow channel (i.e. the 16”
wide channel) results from the laboratory:
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Future Studies
This research is still ongoing. As a test channel can only be so big (with
cost being a major constraint in this case), and extrapolating experimental
data from smaller channels to channels of actual size can only do so much,
it will be required to use simulations for future studies. Proposed
simulation channels include channels with widths of 25 and 50 feet, with
heights of 5, 10, and 20 feet. Naturally, it will be very hard to come by
funds to construct channels that have these dimensions, and it will be very
hard to get the pumps and other infrastructure needed to do research on
this scale.
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This is a picture of a section of the flume used for the purposes of the
experiment, looking into the pipe. Notice the jump coming in from the
right. This is directly due to the co-flow coming in from the pipe. As it
can be seen by the ripples in the water, the water is not very calm.
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This is a simplified representation of what is being studied. The
arrow indicates the direction of flow of the water in the channel, and
the pipe is coming in at a specific angle. Determining the effect the
angle of the pipe has on the flow in the main channel is the main
objective of this research project.

The yellow bars are foot rules taped to the side of the flume. They were
used to visually measure the height to the nearest quarter inch. With
how fast the water was going, it was hard to measure beyond that point.
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Notes:
1. There are wide channel results also in graphical form, but these have
been omitted.
2. These results are purely experimental. Because of this, the curves do not
directly correlate with theoretical curves.

This research project is one of Mr. Sharabian’s many ongoing projects. He
had come up with the design of the project, and had presented on this
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